Irritable bowel syndrome (IBS) is a prevalent functional disorder; however, the epidemiological profile is still short of empirical data. The previous, population-based studies in Western countries have reported the prevalence of IBS in adults within a wide range between 3 and 22% ([@bib13]), in contrast to the range of 6.5--10.1% that was reported in a recent Asian study ([@bib2]). The established risk factors include age, gender, education, social economic status, race, drug and psychological factors. Currently, few population-based studies have investigated the relationship between biological markers and IBS from a clinical viewpoint.

As IBS shares symptoms with other major gastrointestinal diseases, for example, colorectal neoplasia, it is worthwhile to evaluate the relationship between IBS and colorectal neoplasia in addition to the predisposing risk factors. Two studies from the United Kingdom and Denmark revealed a lack of relationship between IBS and colorectal cancer (CRC) after excluding CRCs within the first year of follow-up ([@bib7]; [@bib12]). However, little is known about the association of long-term IBS with the potential risk of developing colorectal neoplasia. To the best of our knowledge, few reports on the risk for colorectal neoplasia in large cohorts of IBS subjects with a long follow-up time exist. The aims of this study were to estimate the prevalence of IBS and to assess the risk factors associated with IBS using a population-based, integrated screening programme and to assess the risk of developing colorectal neoplasia in cohorts of subjects with IBS.

Materials and methods
=====================

Setting and study population
----------------------------

To build a prospective cohort, we recruited 39 384 community residents aged over 40 who participated in a Keelung community-based, integrated screening programme between 1999 and 2004. The details about the protocol of this multiple screening programme have been described in full elsewhere ([@bib4]). To sum up, the programme was initially designed to screen five cancers (cervical, breast, oral, colorectal and liver cancer) and three chronic diseases (diabetes, hypertension and hyperlipidaemia). For CRC screening, the immunochemical faecal occult blood test (FIT) was applied for the early detection of colorectal neoplasia. Details of the protocol and screening results have been published previously ([@bib3]). The 39 384 participants were invited to undergo CRC screening with FIT in a staggered entry with numbers of participants being 1967, 8370, 10 683, 7560, 5872 and 4932 in years 1999, 2000, 2001, 2002, 2003 and 2004, respectively. Those with positive FIT results were referred to undergo colonoscopy as the standard, confirmatory procedure for the detection of colorectal neoplasia. Note that, although the cohort for the following analysis is based on these screeness, they should be representative of the underlying population in Keelung as they were invited from the underlying population registry with such a large size. Even some selective factors may affect the uptake of CRC, but they would not affect the association between IBS and colorectal neoplasia as the participants who were invited were not aware of this study before. Moreover, the demographic features in the Keelung city are also representative of those of Taiwanese people because the incidence rates of several chronic diseases and cancers in Keelung city were close to those of Taiwanese people.

The screening procedures consisted of registration, fasting blood drawing, anthropometric measurement, questionnaire, physical examination and health condition. The contents of the questionnaire, including demographic characteristics, family history, dietary behaviour and lifestyle, were surveyed in each screening activity. A series of biochemical variables, including haemoglobin, platelets, white blood cells and fasting glucose, were collected after blood collection.

Study design
------------

The prevalence of IBS is defined as period prevalence as IBS is rarely an acute disease and point prevalence may not be adequate. A prospective cohort study with a staggered entry design was adopted to ensure the temporal relationship between IBS and incident cases of colorectal neoplasia in our present study, and 1008 cases of colorectal adenomas and invasive carcinomas of the colon and rectum were excluded ([Figure 1](#fig1){ref-type="fig"}). To establish the temporal sequence that IBS occurs before CRC neoplasia, for those subjects with colorectal neoplasia, if the date of IBS diagnosis was later the confirmatory date of colorectal neoplasia, they were excluded from incident analysis.

Data collection
---------------

The colorectal neoplasia cases were obtained from colonoscopy after repeated FIT screening with follow-up until the end of 2009. The symptomatic CRCs were also ascertained based on linkage with national cancer registry data until the end of 2009. Among these participants, information on IBS cases was obtained from the Bureau of National Health Insurance claim database, which covered the medical services of ∼95% of the entire population from 1 January 1999 to 31 December 2004 ([@bib16]). During this period, participants with at least one outpatient visit with ICD-9-codes 5640 and 5641 were identified as having IBS, and the record of the first visit, with the date of the visit, was collected for each individual. To enhance the accuracy of identifying patients with IBS, we further validated prescription data from pharmaceutical claims for each prescription of these patients that contained at least one of the drugs listed below: laxative, antidiarrhoea and antispasmotic/anticholinergic drugs.

In the present study, anthropometric measurements (including blood pressure, height, weight and waist circumference), information on demographic characteristics (including age, gender and education) and lifestyle, family history and a series of biochemical variables were also collected and used at the first entry of screening. When classifying the years of education, we classified education into three levels. Six years or less of education was classified as low education level. Between 6 and 12 years of education was classified as medium education level. Twelve years of education or above was classified as high education level. Current or former smokers were placed in the smoking group. Similarly, current or former drinkers were placed in the alcoholic-drinking group. Exercise frequency was categorised into three groups (never, low and high). Exercise time less than 100 min per week was defined as the low-frequency group, whereas exercise time over 100 min per week was defined as the high-frequency group.

Patients with blood pressure ⩾140 mm Hg/90 mm Hg or those with a history of hypertension were placed in the hypertension group. Patients with fasting plasma glucose ⩾126 mg dl^−1^ or those with a history of diabetes mellitus were placed in the diabetes mellitus group. Metabolic syndrome was defined according to NCEP and was modified using the ATP III criteria with the adjustment of waist circumference for Asians. Three or more of the following five criteria must have been met to be placed in the metabolic syndrome group: (1) obesity -- men ⩾90 cm and women ⩾80 cm; (2) hypertriglyceridaemia -- ⩾150 mg dl^−1^; (3) low HDL -- cholesterol concentration \<40 mg dl^−1^ for men and \<50 mg dl^−1^ for women; (4) high blood pressure -- ⩾130 mmHg/85 mm Hg or hypertension; and (5) high fasting plasma glucose -- ⩾100 mg dl^−1^ or diabetes mellitus.

Statistical analysis
--------------------

Continuous variables such as age and follow-up time are expressed as the mean with s.d., and categorical variables are presented as the number and proportion. Student\'s *t*-test was used to compare continuous variables. Categorical variables, such as gender and education levels, were analysed using the *χ*^2^-test. All *P*-values were two-tailed, and a *P*-value less than 0.05 was considered statistically significant. The Cox proportional hazards regression model was applied to assess the relationship between IBS and the development of adenoma or CRC with adjustments for possible confounding factors. The proportional hazard assumption was tested for all the possible associations between IBS and the developing adenoma or CRC. All the results tested with proportional hazard assumption were not statistical significant (*P*=0.8250 for adenoma, *P*=0.2182 for CRC and *P*=0.4670 for colorectal neoplasia).

Results
=======

Of the 39 384 subjects, 9160 had IBS. The prevalence of IBS was 23.3% (95% CI: 22.8--23.7%). Subjects with IBS were older than those without (60.9±12.2 *vs* 55.9±11.1). The difference was statistically significant. By dividing age into four groups, those with IBS in the eldest group almost the triple of that with IBS in the youngest group. Age-specific prevalence rates of IBS increased with age, ranging from 14.7% for ages 40--49 years to 43.7% for ages over 70 years. Those with diabetes had higher chance of having IBS than those without (29.8% *vs* 22.6%). The similar finding was observed for higher odds of having IBS in subjects with hypertension compared with those without (24.6% *vs* 22.5%). It is very interesting to note that those without family history, lacking the habit of smoking and alcohol drinking, and frequent exercise had higher proportion of IBS than those with the opposite group. The prevalence was 32.0% for those suffering from colorectal neoplasia and 34.5% for those suffering from CRC ([Table 1](#tbl1){ref-type="table"}). The estimated results on the associations between each factor and the risk for adenoma, CRC and colorectal neoplasia are given in [Table 2](#tbl2){ref-type="table"}. As the sample size is sufficiently large, all the variables except BMI and family history of CRC in association with IBS would be statistically significant, even though the difference was small. These relationships were not of great interest because we are interested in how the relationship between IBS and colorectal neoplasia was affected by these variables (see below). As far as demographic features are concerned, an increase in 1 year of age led to a 5% (OR=1.05, 95%% CI: 1.04--1.06) elevated risk for CRC. Male patients were at greater risk than female patients by 53% (OR=1.53, 95%% CI: 1.22--1.91). Similar findings were also observed for the risks of adenoma and colorectal neoplasia with age and gender. The higher education levels were at lower risk than the low education levels. Lifestyle including smoking, alcohol drinking and exercise were not associated with the risk for CRC (OR=1.15, 95% CI: 0.81--1.61); however, the elevated risks for adenoma and colorectal neoplasia were noted in those who has the habbit of smoking or drinking. Obesity (BMI over 30) was positively associated with the risk of developing colorectal neoplasia. [Table 2](#tbl2){ref-type="table"} also shows that, among the study subjects, metabolic syndrome, diabetes and hypertension were positively associated with the risk of developing CRC and colorectal neoplasia. [Table 2](#tbl2){ref-type="table"} shows that the presence of IBS was positively associated with the risk for developing adenoma and/or invasive carcinoma of the colon. [Figure 2](#fig2){ref-type="fig"} shows the comparison of two cumulative incidences of colorectal adenoma according to the presence of IBS. Subjects with IBS had higher cumulative incidence of colorectal adenoma at 10 years of follow-up (30.6‰ *vs* 21.9‰). [Figure 3](#fig3){ref-type="fig"} shows the higher incidence of CRC in subjects with IBS compared with those without IBS after a 10-year follow-up (14.3‰ *vs* 9.2‰). [Table 2](#tbl2){ref-type="table"} shows the adjusted hazard ratios (HRs) of IBS for the risk of adenoma, CRC and colorectal neoplasia. Subjects with IBS had a 21% increased risk (95% CI: 2--42%) of developing adenoma after adjusting for specifying the factors instead of age, gender, BMI, CRC family history, alcohol drinking, education and hypertension. A similar finding, albeit not statistically significant (HR=1.20; 95% CI: 0.94--1.53), was noted for the risk of CRC after the adjustment for other confounding factors, such as family history of CRC, diabetes and BMI.

Discussion
==========

The estimated prevalence of IBS was 23.3% in our study, which is similar to the estimated prevalence from a previous questionnaire survey study in Taiwan ([@bib10]). Moreover, there was no significant difference of IBS prevalence among different genders noted by the study by [@bib10] and our present study. Our study demonstrated that the prevalence rates of IBS increased with age from 14.7% for ages 40--49 years to 43.7% for ages over 70 years. In contrast, [@bib10] found that the IBS prevalence decreased significantly with advancing age. In their study, the IBS prevalence was 34.1% for ages 30--39 years, 25% for ages 40--49 years and 18.6% for ages over 70 years. The participants of the previous study, who were enroled from voluntarily health check-up, might represent a more healthy population with high motivation for health behaviour. Therefore, the IBS prevalence of the general population that is inferred from the health check-up population might be underestimated.

Our study population was a community-based screening cohort. In contrast to the diagnosis of IBS using the Rome II questionnaire survey, we used national health insurance data to make the IBS diagnosis. As a portion of IBS patients, especially those with mild symptoms, do not seek medical help, underestimation of the prevalence of IBS is highly suspected, especially among younger people. This could explain why our study showed a lower IBS prevalence among people aged 40--49 years than what was found in the previous study.

In the past, IBS was viewed as a purely functional disorder. However, in recent years, numerous data have suggested that immune activation occurs in IBS patients ([@bib11]) and is more frequently observed in IBS patients than in healthy controls. Several studies have reported an increase in the number of mast cells ([@bib1]), lymphocytes ([@bib9] and [@bib5]), and intestinal permeabilisation ([@bib14]) of the colon and rectum in IBS patients. The hypothesis of patients with a long-term course of IBS having the potential risk of developing colorectal disease is considered.

In the present study, we found that IBS patients were associated with a significantly higher risk of colorectal adenoma and colon neoplasia compared with those without IBS. Three possible reasons could explain why IBS patients have a higher risk of developing colon neoplasia. First, IBS and colon neoplasia have similar clinical symptoms that result in the higher detection rate of colon neoplasia. Second, IBS and colon neoplasia share common risk factors. Third, IBS has a causal role in the pathogenesis of colon neoplasia.

Two previous studies from the United Kingdom and Denmark revealed a lack of relationship between IBS and CRC after excluding CRCs within the first year of follow-up ([@bib7]; [@bib12]). The overlapping symptoms among IBS and colon rectal cancer can result in diagnostic confusion and are considered to be the major cause of the increased risk of CRC in the first year after IBS diagnosis. However, our study demonstrated that IBS patients have a higher risk of developing colon neoplasia, especially colon adenoma. IBS is a clinical syndrome characterised by chronic abdominal pain, discomfort and altered bowel habits. The majority of colon adenomas are usually asymptomatic but can present as abdominal pain, change of bowel habits or occult bleeding if the tumour size increases. The clinical symptoms of IBS and colon neoplasia/adenoma are not highly correlated. Therefore, the significant relationship between IBS and the incidence of colon neoplasia is less likely caused by the similar symptoms of IBS and colon neoplasia.

IBS is a clinical syndrome diagnosed by clinical presentation after removal of the structural abnormality ([@bib6]). To rule out the possibility of structural or pathological lesions of the large bowel, colonoscopy is performed in the clinical setting, and more frequent colonoscopy examinations will increase the detection rate of colon neoplasia. However, different from the previous UK study that used the general practitioners\' database ([@bib12]), our study cohort was enroled from a community-screening project. Colonoscopy was performed in a screening setting and was not based on clinical symptoms. It is possible that bias in increasing surveillance for colorectal lesion may affect the ascertainment of incident colorectal neoplasia in subjects with IBS compared with those without. However, as the percentage of CRCs diagnosed by colonoscopy in our screening setting was similar between the IBS and non-IBS groups (82% for the IBS group and 81% for the non-IBS group), an increased frequency of colonoscopic examination (in a nonscreening setting) because of the demands of the clinical symptoms of IBS is less likely.

The risk factors of IBS are still unclear; however, several have been identified by epidemiologic studies over the past few decades. However, it is difficult to separate factors promoting health-care seeking from true risk factors for the disease ([@bib15]). Genetic background and early life events are proposed to be potential risk factors for IBS, and diet composition may be related to IBS. A recent Taiwanese study showed that smoking, obesity and metabolic syndrome were associated with increased risk of colon neoplasia ([@bib8]). Although IBS and colon neoplasia may share common risk factors, our study found that IBS still had an independent and significant effect of increasing the risk of colon neoplasia after adjusting for smoking, BMI, DM and family history of CRC. However, the possibility of potentially unmeasured confounding factors that results in this association of IBS and colon neoplasia still could not be excluded. Further, more studies to discover the association of IBS and the risk of colon neoplasia and to explore the possibility of the causal role of IBS in the development of colon neoplasia are needed in the future.

Conclusion
==========

Our study finds a significant association between IBS and colon neoplasia, and it provides an important suggestion to clinical physicians: they should pay more attention to IBS and the possibility of colon neoplasia or CRC in patients.
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###### Selected characteristics of the Keelung population w/o irritable bowel syndrome

  **Characteristics**           **Total (*****N*****=39 384)**   **Irritable bowel syndrome (*****N*****=9160)**   **Non-irritable bowel syndrome (*****N*****=30 224)**  ***P*****-value**
  ---------------------------- -------------------------------- ------------------------------------------------- ------------------------------------------------------- -------------------
  Mean age±s.d.                           55.9±11.6                                 60.9±12.2                                            54.4±11.1                        \<0.0001
  **Age at entry**                                                                                                                                                        
  40--49                                    14 624                                2155 (14.7%)                                        12 469 (85.3%)                      \<0.0001
  50--59                                     9945                                 2026 (20.4%)                                         7919 (79.6%)                        
  60--69                                     8746                                 2328 (26.6%)                                         6418 (73.4%)                        
  70+                                        6069                                 2651 (43.7%)                                         3418 (56.3%)                        
  **Gender**                                                                                                                                                              
  Female                                    23 847                                5648 (23.7%)                                        18 199 (76.3%)                      0.013
  Male                                      15 537                                3512 (22.6%)                                        12 025 (77.4%)                       
  **Education level**                                                                                                                                                     
  Low                                       19 352                                5504 (28.4%)                                        13 848 (71.6%)                      \<0.0001
  Medium                                    15 208                                2855 (18.8%)                                        12 353 (81.2%)                       
  High                                       4571                                  749 (16.4%)                                         3811 (83.6%)                        
  Body mass index (BMI)±s.d.               24.9±3.7                                 24.9±3.7                                             24.9±3.6                         0.8031
  **Diabetes**                                                                                                                                                            
  Yes                                        3153                                  939 (29.8%)                                         2214 (70.2%)                       \<0.0001
  No                                        35 988                                8150 (22.6%)                                        27 848 (77.4%)                       
  **Hypertension**                                                                                                                                                        
  Yes                                       13 705                                3371 (24.6%)                                        10 334 (75.4%)                      \<0.0001
  No                                        25 487                                5742 (22.5%)                                        19 745 (77.5%)                       
  **CRC family history**                                                                                                                                                  
  Yes                                        877                                   181 (20.6%)                                          696 (79.4%)                       0.0633
  No                                        38 507                                8979 (23.3%)                                        29 528 (76.7%)                       
  **Smoking**                                                                                                                                                             
  Current or former                         10 118                                 2229 (22%)                                           7889 (78%)                        0.0003
  No                                        28 816                                6863 (23.8%)                                        21 953 (76.2%)                       
  **Drinking**                                                                                                                                                            
  Current or former                          8912                                  1784 (20%)                                           7100 (80%)                        \<0.0001
  No                                        29 833                                7281 (24.4%)                                        22 466 (75.6%)                       
  **Exercise frequency**                                                                                                                                                  
  Never                                     11 102                                2458 (22.1%)                                         8644 (77.9%)                       \<0.0001
  Low                                       17 297                                3820 (22.1%)                                        13 477 (77.9%)                       
  High                                      10 207                                 2752 (27%)                                           7455 (73%)                         
  Colorectal Neoplasia                       1073                                      343                                                  730                            
  CRC                                        310                                       107                                                  203                            
  Follow-up time                             7.78                                     7.92                                                 7.73                            

###### Associations between colorectal adenoma and colorectal cancer or colorectal neoplasia (both combined) and IBS with adjustment for relevant risk factors using proportion hazards regression models

                             **Adenoma**         **CRC**        **Colorectal neoplasia**                                                                                                                   
  -------------------------- ------------- -------------------- -------------------------- -------------------- ------ -------------------- ------ -------------------- ------ -------------------- ------ --------------------
  IBS (Y/N)                  1.43           (1.23--1.67)\*\*\*  1.21                          (1.02--1.42)\*    1.70    (1.35--2.15)\*\*\*  1.20       (0.94--1.53)     1.52    (1.34--1.73)\*\*\*  1.22     (1.07--1.40)\*\*
  Age                        1.03           (1.02--1.04)\*\*\*  1.02                        (1.01--1.02)\*\*\*  1.05    (1.04--1.06)\*\*\*  1.05    (1.04--1.06)\*\*\*  1.04    (1.03--1.04)\*\*\*  1.03    (1.02--1.03)\*\*\*
  Gender (M/F)               2.34           (2.02--2.71)\*\*\*  2.14                        (1.80--2.55)\*\*\*  1.53     (1.22--1.91)\*\*   1.31      (1.04--1.64)\*    2.07    (1.84--2.34)\*\*\*  1.87    (1.62--2.15)\*\*\*
  BMI (⩾30/\<30)             1.31             (1.04--1.66)\*    1.19                           (0.93--1.54)     1.38       (0.96--1.98)     1.27       (0.88--1.84)     1.33     (1.09--1.61)\*\*   1.33     (1.09--1.62)\*\*
  CRC family history (Y/N)   1.27              (0.83--1.97)     1.59                          (1.03--2.46)\*    1.05       (0.50--2.22)     1.54       (0.72--3.27)     1.13       (0.76--1.66)     1.47       (0.99--2.17)
  Smoking (Y/N)              1.93           (1.67--2.23)\*\*\*  ---                                ---          1.06       (0.82--1.37)     ---            ---          1.65    (1.45--1.87)\*\*\*  ---            ---
  Drinking (Y/N)             1.83           (1.57--2.12)\*\*\*  1.36                         (1.15--1.61)\*\*   1.05       (0.81--1.37)     ---            ---          1.57    (1.38--1.79)\*\*\*  1.25     (1.08--1.44)\*\*
  **Exercise frequency**                                                                                                                                                                                   
  Medium/few                 1.07              (0.90--1.28)     ---                                ---          0.86       (0.65--1.13)     ---            ---          1.00       (0.86--1.16)     0.85      (0.73--0.98)\*
  High/few                   1.20              (0.99--1.46)     ---                                ---          1.25       (0.93--1.68)     ---            ---          1.22      (1.04--1.44)\*    0.61    (0.48--0.79)\*\*\*
  **Education level**                                                                                                                                                                                      
  Medium/low                 0.75            (0.64--0.88)\*\*   0.79                        (0.67--0.94) \*\*   0.61     (0.48--0.79)\*\*   ---            ---          0.71    (0.62--0.81)\*\*\*  ---            ---
  High/low                   0.59            (0.45--0.78)\*\*   0.58                         (0.43--0.78)\*\*   0.43     (0.27--0.69)\*\*   ---            ---          0.54    (0.43--0.68)\*\*\*  ---            ---
  Mets (Y/N)                 1.38           (1.18--1.60)\*\*\*  ---                                ---          1.33      (1.04--1.69)\*    ---            ---          1.34    (1.18--1.53)\*\*\*  ---            ---
  Diabetes (Y/N)             1.01              (0.78--1.31)     ---                                ---          1.87     (1.36--2.59)\*\*   1.43      (1.03--1.99)\*    1.24      (1.02--1.52)\*    ---            ---
  Hypertension (Y/N)         1.34           (1.16--1.55)\*\*\*  1.19                          (1.02--1.40)\*    1.34      (1.07--1.68)\*    ---            ---          1.33     (1.18--1.50)\*\*   ---            ---

\*\*\**P*\<0.0001, \*\**P*\<0.01, \**P*\<0.05.
